THE operation of excision of the rectum does not in itself expose the urinary organs to infection, but a risk of infection arises because of the difficulty which patients experience for a few days after operation, in passing urine naturally, and, in male patients, because of the practice of tying, in a catheter to guide the surgeon in stripping the rectum from the urethra. Catheterization is always necessary after operation, and whether the bladder be drained by a restrained or indwelling catheter, or by repeated passage of catheters, the hazard is incurred that a urethritis, cystitis, or even pyelo-nephritis will develop as a sequel to the surgical treatment. These infections often prove a troublesome, and sometimes a dangerous complication to an otherwise successful operation. The questions I sball try to answer in this paper are: How often do these infections occur? What is their cause and where is the loophole for infection ? Are they preventible, and if so, what can be done to diminish the likelihood of their occurrence?
conversations that some surgeons look on them as rare, whereas others recognize them to be common, regarding the risk as the price that must be paid for the benefit of riddance of a diseased portion of intestine. Actually a much higher proportion of patients than is generally realized develop a post-operative urinary infection. In the series of fifty cases referred to in this paper, urinary sepsis was, in women, an invariable sequel to excision of the rectum and either in a mild or severe fprm occurred without exception in all the men patients drained with a retained catheter sealed with a wooden peg. The unobtrusive character of these infections doubtless accounts for the fact that they are so often overlooked, for in many patients an infection of the urinary track was unsuspected until revealed by urine analysis. It is well known that in other inflammations of the bladder and kidneys, local symptoms are often inconspicuous. In the post-operative infections they are particularly likely to be overlooked, because lumbar pain is naturally attributed to the manipulation necessary for the previous removal of rectum and coccyx, and if the patient has trouble with micturition this also is put down to the more likely cause. Thus localizing symptoms, even if present, have little precision, and, if absent, still leave the question undecided, for the patient's emphatic denial of any " trouble with his water " must never be taken as proof that the urinary track has escaped infection. A warning must be entered also against opinions founded on the mere inspection of the urine for turbidity. In urine clear from turbidity due to any other cause, a noticeable cloudiness due to pus does not occur till more than 400 pus cells are present per cubic millimetre. There are so many other causes of turbidity in urine that mere inspection is an altogether inadequate method of judging the presence or absence of pus, about as reliable as the diagnosis of anmemia from a glance at a patient's complexion. The only way to decide the presence or absence of infection is to submit a specimen of urine to microscopic examination. Med., 1928, xxi [Sect. Path.] , 13-17.) The daily microscopic examination of urine by this quantitative method revealed the disconcerting fact that a cystitis developed within a few days of excision of the rectum in all the women patients. In the first fourteen of the men patients also, some form of urinary sepsis was an invariable sequel, but in the last twenty-two men special precautions have been taken to prevent infection, with most encouraging results.
Before turning to this brighter side of the picture we must consider the course the urinary infection followed in the earlier men patients, and which unhappily it sti]l follows in all women patients. We are now concerned with the fourteen men in whom the bladder was drained by a gum-elastic catheter tied in position for three or four days and sealed with a wooden peg, and with the fourteen women drained either with a rubber self-retaining catheter or by repeated passage of a glass catheter.
The following sequence of events occurred with a predictable regularity in every case. The urine -was sterile until the second or third day, when staphylococci appeared in cultures. During the first five days the urine cell count revealed either an excess of leucocytes or else a trace of pus, and then without warning, about the sixth to eighth day after operation, the stream of pus suddenly began to flow, the urine count rising from 100 to 1,000 leucocytes per c.mm. in about forty-eight hours. with a column of urine and, however tightly the peg fits into the funnel-shaped end of the catheter, a thin film of fluid fills the capillary space between peg and catlheter. Bacteria can grow along this thin film of fluid and reach the excellent culture medium filling the lumen of the catheter, and so get to the bladder. Confirmation of this was obtained by finding the bladder urine swarming with bacteria the day after insertion of the catheter and its closure with the peg. In twenty-two men patients a better method than the wooden peg has been tried for sealing the retained catheter, and these experiments, though they have not fulfilled all expectations of prevention of sepsis, have in the main supported the view that the wooden peg is a serious source of infection. These twenty-two patients were not all treated alike, several different appliances having been tried for sealing the end of the catheter so as to prevent infection. In the first case the catheter was simply joined to a long piece of sterile rubber tubing closed with a spring clip. The tubing ended in a sterile collecting bottle on the floor by the bedside. Nothing was allowed to touch the end of the tubing for the four and a half days during which the catheter was tied in position. This proved an encouraging beginning, for the patient never had pus in his urine on a single day ( fig. 4) . However, subsequent cases catheterized in the same manner were not so successful, and a safer method than this is necessary for regular use. The different forms of apparatus which have been tried, ending in the evolution of the appliance described in the third section of this paper, have had the one common feature that they provided a cleaner seal than the wooden peg. Of the twenty-two patients so handled two had pus in the urine before operation, so must be omitted from the analysis. Of the remaining twenty, eight remained entirely free from any infection, in four a mild urethritis developed from which they recovered before leaving the hospital, and in eight there was a severe infection of the bladder urine, accompanied by continued pyuria for several weeks. In the earlier cases the catheter was sealed by methods which subsequent experience showed to be imperfect, and only the last six have been catheterized by the irrigation catheter (see fig. 8 ). Of these six cases, three remained entirely free from infection, in one a mild urethritis developed, and in two a severe infection. The two failures were in men with enlarged prostates who required daily catheterization for several days after the removal of the retained catheter.
In the eight cases in which these precautions against infection did not succeed, the pyuria ran a different course from that which has been noted as the expected sequence in peg-sealed catheter infections. In place of the brief incubation period of from six to eight days, there was now often a latent period twice or thrice as long, during which the urine was free from pus, though containing -perhaps an excess of leucocytes.-The danger of infection appeared to have passed, when suddenly, without warning, the flow of pus began (fig. 5 ). This disappointing onset of pyuria was usually accompanied by a few days' fever, but no symptoms suggested an infection of the bladder or kidneys, which would have passed unrecognized but for the urine tests. The only suggestion I can make in explanation of this puzzling phenomenon is that in some cases the infection may have spread up to the bladder from a latent The cause of urinary infections in women also is dependent on catheterization, but the chances of infection for women are worse than for men, whether the bladder be emptied by repeated catheterization or by a self-retaining catheter. Cystitis followed rectal excision in each of the fourteen women patients. The infections developed within a week and ran a similar course to that prescribed for men patients in whom the catheter was sealed with a wooden peg ( fig. 6 ).
The source of the infection that follows repeated catheterization is not a difficult conjecture when one considers the proximity of the dressings, perhaps soaked with discharges, and the inhereDt difficulty of relieving a helpless female patient. Under such circumstances the inevitability of the infection must be accepted without any suggestion of lack of skill. The other method of drainage (by a tied-in catheter) has also invariably resulted in cystitis, but up to the present the apparatus illustrated in fig. 8 has only been tried in one woman patient.
(3) The Prevention of Post-operative Urinary Infections.-The prevention of urinary sepsis after excision of the rectum is a task which requires the close cooperation of surgeon and pathologist.
The first principle of prevention is regular quantitative examinations of the urine for pus. The frequency with which such tests can be carried out depends on the laboratory facilities available. Daily charting was essential to the discovery of the origin and course of these infections, but would be impracticable as a routine. When the only question is: " Has the patient escaped infection?" this can be answered by six urine tests, the first before operation, the other five at weekly intervals after the excision. So many tests are needed because pyuria may either develop at once or not till a latent period of twenty or thirty days has passed. The directions for collecting the specimens are that the urine be passed into a clean but not necessarily sterile receptacle, from which the small sample bottle is to be filled.
A convenient way for the pathologist to report these tests with the minimum of explanation is by the use of a rubber stamp ( fig. 7) The second principle of prevention is the use of a cleaner method than the wooden peg for the sealing of a retained catheter. After experimenting with several different appliances I designed the apparatus, named for convenience the St. Mark's Hospital Retained Catheter, which provides an antiseptic seal and allows the catheter or bladder to be irrigated without disturbance to the patient. A reproduction of the printed instructioRas and illustration is shown in fig. 8 . This is sufficiently selfexplanatory of the way to use the irrigation apparatus, but some details must be given of the methods of sterilization and fitting together:-The catheter is prepared immediately before the operation of excision by attaching about six inches of rubber tubing, closed with a metal clip. This is sterilized by boiling for a few minutes, then plunged into cold oxycyanide of mercury (1 in 5,000). After lubrication and
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Proceedings of the Royal Society of Mledicine 8 cleaning of the imieatus, the catheter is passed anld fixed in position with adhesive plaster, a dressing of gauze soaked in glycerine surrounding the catheter and separating the glans penis froml the strapping. If the dressing be kept moistened with glycerine for the whole timiie the catheter is in sitit the risk of urethritis or balanitis is considerably dilmlinished. The bladder is emnptied, the spring clip closed and the end of the rubber tubing wrapped round with a piece of gauze soaked in antiseptic and tucked into the abdominal bandages. The patient is now ready for the operating theatre. Meanwhile the irrigation apparatus is miade ready by filling it up with a fresh supply of 1 in 5,000 oxycyanide solution. When the patient returns fromi the theatre, the rubber tubing at the end of the catheter is joined ui) to the Y-shaped junction and pinlned to the bandages. The two long pieces of rubber tubinlg are brought out between the sheets to the side of the bed where the irrigation apparatus stands.
The samiie apparatus may be used for women patients, the only modification being that a rubber self-retaining catheter is used instead of a gum elastic, and a disc-shaped rubber sponge about two inches in diameter is threaded on to the catheter, soaked in glycerine and pressed hard against the external meatus by imieans of tapes that pass round the thighs anld abdomnen. The object of the sponge, on to which fresh glycerine illust be poured daily, is to guard against infection from the vagina and from the perineal wound. Whether or not this method of draining the bladder by retained catheter and irrigation apparatus will prove to be so successful in woomen as in m-ien, it certainly possesses the recomml--endation that it adds to the comiifort of the patient and is convenient to the nurse, because it obviates the exposure and mnovements incidental to other m-lethods of catheteri2ation. The urine im-ay be released wvithout the patient being wakened from sleep.
Before leaving the subject of catheterization, mention must be made of the danger of passing any instrument for a few days after a retained catheter has been removed. Some degree of urethritis is almost invariably present at this time and there is a special risk that bacteria will be carried from the inflamed urethra into the bladder. If, after removal of the retained catheter, recatheterization is necessary, the anterior urethra should first be irrigated with an antiseptic.
The third principle of prevention is the protective inoculation with a vaccine prepared from the bacteria which cause post-operative urinary infections.
Whatever views we hold about the value of vaccines in the treatment of disease, we should be blind to the facts if we denied the value of vaccines in the preventioni of disease. Judging from experience with typhoid, paratyphoid and cholera, the best time for inoculation is when the patient is in good health previous to exposure to infection.
The situation which presents itself when an operable cancer of the rectum is first diagnosed is that an interval of at least a week, and possibly three or four weeks, must elapse before the urinary organs are exposed to infection. The bacteria which cause post-operative urinary infections are primarily the Staph ylococciis anireus and albts, and secondarily coliform bacilli, types of infection for which vaccine treatment has a good reputation.
At the beginning of this investigation protective vaccination was tried in a few cases and the subsequent infection appeared to run a milder course. When attention became focused on improvements in the catheter, vaccine treatment was dropped to see if infections could be prevented by a better catheter alone. As already mentioned, the improved catheter has been successful in about two-thirds of the men, and it looks as though the proportion of successes will rise with further experience, but there remains the unsuccessful minority of men patients and all the women. This being the situation at present I suggest that some further protection is necessary, and propose two doses of vaccine, prepared if These three principles of prevention-systematic investigation of the urine, improved retained catheters and protective inoculation-will prevent urinary infections after excision of the rectum in the great majority of men patients and promise an appreciable reduction in the number of post-operative infections in women.
In conclusion, I must express my deep obligation to all my colleagues at St. Mark's Hospital for the facilities given to me for the examination of every patient in the hospital, and to Mr. J. Alban Andrews, F.R.C.S., for his co-operation and advice during the early stages of this work.
SUMMARY.
In a series of fifty cases of excision of the rectum, fourteen in women and thirty-six in men, the frequency, cause and prevention of urinary infections have been studied by daily quantitative tests for pyuria and repeated bacteriolo-gical examinations of the urine. Pyuria appeared punctually on the sixth to eighth day after operation in all the women patients, and in the fourteen men patients in whom the retained catheter was sealed by a wooden peg. In some cases the pus disappeared in four to five weeks, but in the majority the pyuria continued for several weeks. For two or three days before the flow of pus began staphylococci were recovered in pure culture from the urine, but later cultures usually showed a mixed growth of coliformobacilli and cocci. The lesion in the women patients and majority of the men was a cystitis, but in a few of the men patients it is possible that the pus may have been due to a severe urethritis. During convalescence from excision of the rectum urinary infections rarely produce obtrusive symptoms, and the presence or absence of an infection can only be determined by regular microscopic examinations for pus.
Post-operative urinary infections are due not to the operation itself but to the means used for draining the bladder. In men patients the commonest source of infection was the wooden peg used for closing the retained catheter and the substitution of a better seal in the last twenty-two cases resulted in the prevention of infection of the bladder urine in two-thirds of the cases. When these methods of protection failed the subsequent infection ran a different course from that previously described. The primary focus and manner of spread of these delayed infections has not yet been determined. In women the prevention of infection is a more difficult problem because of the danger of contact between the catheter and local sepsis.
The prevention of urinary infections after excision of the rectum is a task which demands the close co-operation of the surgeon and pathologist. Regular microscopic examinations of the urine for pus are necessary, six tests at weekly intervals being the minimum for settling whether or not infection has occurred and revealing it at an early stage. To prevent infection of the bladder-urine the end of the retained catheter must be kept sealed with antiseptic. The irrigation apparatus described in this paper as the St. Mark's Hospital retained catheter is the most convenient appliance for draining the bladder and has been the most successful in the prevention of sepsis.
Although the risk of infection can be very considerably reduced by improved catheterization this alone has been insufficient to prevent urinary sepsis in a small minority of men patients. In women a modification of the same apparatus may reduce the frequency of infection but is unlikely to abolish it altogether. In view of the desirability of some additional protection it is recommended that patients who are to have the operation of excision of the rectum be given two doses of vaccine, prepared from the bacteria which cause post-operative urinary infections, the first dose to be given as soon as possible after diagnosis and the second after an interval of seven to ten davs.
